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THE RADIO-TELEPHONE
A GOOD teacher uses the problems of
today in which boys and girls are
universally interested as a means of
teaching those general principles which are so
apt to prove irksome if studied abstractly. For
the teaching of elementary electricity the^ radio telephone is most admirably suited, since
while it furnishes endless entertainment, it also
inspires a desire to see how and why the wheels
go round. In order to accomplish this the
student must necessarily learn something of the
underlying principles of elementary electricity.
Unfortunately, however, many teachers of
science cannot use this project that has been
made to order because they themselves do
not understand the principles involved. It is
therefore the purpose of this article to set
forth, in as simple and non-technical language
as possible, the principles that underlie radio
reception.
The mechanism of the broadcasting station sends an alternating current into its antenna that cause a wave motion in the surrounding space, or ether. A direct current,
such as that produced by an automobile storage battery, always flows in one direction, but
an alternating current, such as is found in
most city lighting systems and high power
transmission lines, does not. An alternating
current flows first in one direction, then in
the other—continually reversing at a regular
rate. The number of these complete reversals
of flow which take place each second is spoken of as the frequency, and is expressed in
cycles a second.
Waves set up in the ether by a broadcasting station can be compared to the waves
set up by a stone that has been dropped into
a pond of water. The number of waves that
appear to pass a given point in a second is
called the frequency of the wave formation.
The distance from the top of one wave to the
top of the next in called the wave length. The
height of the wave crest above or the depth of
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the trough below the still water level is called
the amplitude. That is, the amplitude is
half the distance from the wave crest to the
bottom of the trough when measured vertically in the case of the water wave. It
should be noticed that wave length and frequency remain constant as the wave moves
on, while the amplitude constantly diminishes as the distance from the point of origin
increases. In example, most lighting systems
use a frequency of sixty cycles a second; most
power systems, twenty-five cycles; while radiophone transmitters use frequencies as high
as 1,000,000 cycles (1000 kilocycles). Now,
radio waves travel with the speed of light
(300,000,000 meters a second),. Therefore
to find a given wave length we divide 300,000,000 by the frequency and vice versa. For
instance, to say that a station uses a 400 meter
wave length is the same thing as to say that
its frequency is 750,000 cycles (75° kilocycles). Incidentally sound waves in air travel
at only 330 meters a second, or only a little
more than one-millionth as fast as radio
waves.
The question naturally arises as to why
the sound waves are not outdistanced by the
radio waves. They are not because they ride
on the radio waves, or rather electrical waves
with the same characteristics as the sound
waves are made to ride on the radio waves.
The sending set puts them on and the receiving set knocks them off and converts them
back into sound waves.
Figure 1 shows an unmodulated wave
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with frequency too high to be audible to the
ear, which cannot respond to such rapid vibration. Such waves may vary in frequency
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from io,ooo to 3,000,000 cycles a second.
Hence frequencies between these limits are
classed as radio frequencies.
Figure 2 shows an audible sound wave

the other. Crystal sets can not be depended
upon to receive regularly more than 15 to 50
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which may vary in frequency between the
limits of 16 and 10,000 cycles a second, and
such frequencies are classed as audio-frequencies, because the average ear is deaf to frequencies above and below these limits. The vibrations of the human voice seldom go above
1,044 or below 65 per second.
Figure 3 shows a modulated wave—one

F/G.3
with a sound wave impressed or super-impressed on it. Space does not allow much detail
as to how this is accomplished. Suffice it to
say that the vibrations produced by the voice
or musical instrument are applied to the diaphragm of the transmitter, causing it in turn
to vibrate. These vibrations cause a corresponding fluctuation in the electrical currents
in the sending set that varies the amplitude
of the radio waves to correspond to the audio
wave.
The radio wave shown in Figure 3, although modulated, is not suited for reception
in the telephones, as the pulls in opposite directions, as represented above and below the
line AB, are of so great a frequency as to
paralyze the receiver diaphragm. They must
be rectified after being picked up by the receiving set before being passed on to the telephones so that the pulls are on one side of the
line AB as in Figure 4. With the crystal
detectors, this is accomplished through the
peculiar properties of some crystals, such as
galena, that allow a current to flow through
them more easily in one direction than in
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miles from a broadcasting station. For
greater distance a set equipped with one or
more vacuum tubes is required. Before proceeding to such a set it is advisable to consider a few fundamental principles, the understanding of which is essential to the most satisfactory operation of a set, and even more so
to the proper design of receiving apparatus.
The radio waves sent out by the transmitting station, strike the antenna of the receiving set and set up currents in it which oscillate with the same frequency as that of the
waves causing them. If this antenna be connected with the elements of a receiving set
in such a way that all or part of the energy
of these currents is transferred to it, they
may be made to produce the original sounds
by means of suitable apparatus. We might
use a circuit such as shown in Figure 5 with
any good rectifier, either tube or crystal, as
previously mentioned. Although this simple
arrangement would produce sounds in the telephones, it would receive any type of electrical disturbance that happened to strike the
attenna, and what with atmospheric electricity (static) and waves from all sorts of wireless sending stations, both telegraph and telephone, the sound in the receiver would be a
bedlam. If we are to receive the particular wave we desire and choke out the others
we must add to our simple set some means for
tuning, i.e. choking out or by-passing the undesired currents and turning into our rectifier only those currents which we want
into our phones. Such an ideal cannot be
completely realized in practice, but the better
receivers can so nearly approach it that the
stray currents which enter the phones are
generally so weak that they produce either
inaudible sounds or sounds so faint as not to
be objectionable when the sets are properly
tuned. There are three characteristics of
every electrical circuit which tend to control
an alternating current flowing through it;
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resistance (electrical friction), reactance due
to capacity, and reactance due to inductance.
Resistance is the only one which effects a
steady direct current, but for very high fre-
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quency alternating currents or pulsating currents flowing in one direction, the last two are
of paramount importance. Inductive reactance is to electricity what inertia is to matter in
motion. Capacitive reactance may be compared with elasticity. By using both in a receiving set we may not only choke out the undesired currents but may greatly increase the
desired ones, provided either capacity or inductance, or both, can be varied to produce
resonance with the wave of the particular frequency which is wanted. A mechanical analogy will help to make clear the meaning of resonance and the application of it to the selection of desired radio waves. It is important to
remember at this point that each sending station puts out a wave with a definite and unchanging frequency and a frequency that is
different from those of other stations. Suppose
a weight is hung on the end of a coil spring,
pulled down and then released. It will be
seen that it vibrates up and down with a
perfectly regular frequency- Friction, how-
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ever, will finally bring it to rest. But, if
even a broom straw is placed in contact with
the weight and moved up and down with exactly the same frequency with which the
weight was vibrating, it may not only be
kept in motion, but the amplitude of the vibrations may actually be increased. Now with
the weight at rest try to move it up and down
with the broom straw, but apply the impulses
either irregularly or at a different frequency
from what you did before. The movement
of the weight will be so slight as to be almost imperceptible. Next hang a heavier
weight on the same spring or increase the
length of the spring and repeat the experiment. The weight will vibrate again at a
regular rate, but more slowly than before.
If either weight or length of spring be decreased it will vibrate faster than before, but
no matter what the combination be, each
will be most affected by impulses applied at
the natural frequency of that particular combination of weight and spring, and very little affected by impulses at any other frequency. When the length of spring or mass of
the weight is varied until the period of the
combination is the same as that of the applied
impulses, it vibrates most strongly and is said
to be in a state of resonance with these impulses.
So by using condensers which possess electrical elasticity (capacity) and inductance
coils or inductances which possess electrical
inertia and which correspond with the weight
in the above experiment, if we make either or
both capable of being varied we can tune
our set to resonance with the weak little alternating currents which we want to pick
up and make them cause much larger currents to swing back and forth through our set,
at the same time choking back those of undesired frequency and thus prevent them from
causing any appreciable effect in our phones.
A coil of wire, due to its inductance, tends
to prevent any sudden change of current
through it (it possesses electrical inertia) and
the greater the number of turns the greater
this effect is.
The icondenser allows electricity to be
pulled up on its plates, though it possesses
electric elasticity (capacity) which tends to
make the electricity flow back again, just as
the spring tends to pull the weight back when
it is pulled down; but the larger the condens-
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er the greater the quantity of electricity (number of electrons) that can be piled up with a
given force, hence the longer it takes for a
given electrical force to pile it full or stretch
it to the end of the stroke, just as the longer
spring requires a longer time to stretch to
the end of its stroke and begin to pull the
weight back. Hence we see that if we increase the inductance of our coil by using
more turns, or in any other way, or if we
increase the effective size of our condenser,
(in the rotary condenser, done by swinging the
movable plate in between the stationary ones)
we slow down the natural period of the combination, i. e. tune it to resonance with a lower frequency or, what is the same thing, make
it respond to a greater wave length. In either
case, whether it be inductance or capacity
that is increased, a longer time is required
for the completion of a cycle and consequently the fewer the number that can be completed
in a second of time; or the greater the wave
length to which the set will respond, since

ment telegraph waves) and hence their
inductance is fixed, but we must remember
that we may bring our circuits to resonance
by adjusting either inductance or capacity
and that in this case we are going to tune by
changing the capacity. In connection with the
following refer to Figure 6.
The antenna (A) receives the radio waves
which set up currents in it, that flow
on through L-I, a coil of wire, wound either
on a cylinder of cardboard, etc., or made up
as a honey-comb coil or other suitable type.
This coil is necessary for thev purpose
of adding inductance to the antenna circuit.
The antenna possesses some inductance as well
as some capacity, but additional inductance
and capacity is necessary for tuning, as has
been explained above.
L-2 is a second coil placed close to L-l,
but not connected directly to it, and is known
as the Secondary coil. When two coils are
so placed a variable or an alternating current
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the product of a wave length and frequency
is always equal to the velocity 300,000,000
meters a second.
Now for the application of these principles to the receiving set. In the set to be
described all tuning is done by the variable
condensers. The coils have a definite number of turns (say 25 to 100 for broadcast reception, more for commercial and govern-
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through one will cause, or tend to cause, an
alternating current to flow through the other,
especially if their axes are in the same straight
line. This is the principle of all transformers, although those for low frequencies
are built with iron cores while those for radio
frequencies are made with air cores or are
wound on some non-magnetic material.
VC-i is a variable condenser used to tune
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the antenna circuit. VC-a is another for
tuning the secondary circuit, which includes
the coil L-2, the grid-condenser and terminates in the grid of the vacuum tube. T is
a vacuum tube (in this case a detector tube).
It was this tube, more than anything else,
that made the broadcasting and reception of
radio possible. Three elements are to be
noticed in this tube. The first is the filament,
which is a fine wire similar to the filaments
in an electric light- When this filament is
sufficiently heated (done by passing a current
from a battery of dry cells or storage battery
through it) the atoms of the filament are
caused to vibrate violently and throw off a
shower of electrons (particles of negative

P

on supports around the filament and between
it and the plate. Since it is closer to the filament than the plate is, a slight positive or
negative charge on it has a big influence on
the flow of electrons through it to the plate,
and because of its small size, only a few of
the electrons come to roost on the grid itself,
but pass on to the plate. If the grid is positive with respect to the filament, more electrons pass on to the plate than normally; if
negative, the electrons are repelled and very
few get by to the plate. So that a slight
fluctuation of potential on the grid will cause
a comparatively large variation in the flow
of electrons to the plate and through the plate
circuit.
To LouoT Speo&er
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The extremely small current received by
electricity). Surrounding the filament but
not touching it is a flat or cylindrical plate of the antenna, passing through the primary coil
metal. This plate is connected directly or L-i, induces a current in the secondary coil
indirectly to the positive terminal of the bat- L-2. This induced current flows through the
tery, known as the 13 battery or plate bat- grid condenser to the grid of the detector tube,
tery, which gives the plate a positive poten- causing the grid to act like a gate or valve to
tial with respect to the filament. The volt- control the comparatively larger flow of curage of such a battery should range from 16% rent from the filament to the plate and imto 22% volts for a detector tube and from 40 presses its wave characteristics on the latter
to 120 or over for an amplifying tube. Now current.
Now it will be seen by reference to Figure
ordinarily the electrons shot out from the
filament wander about aimlessly inside the 3 that the positive and negative impulses of
tube. The introduction of the plate with its the currents as received are about equal, and
positive potential, however, causes an attrac- were it not for the rectifying properties of
tion for these stray electrons and makes them the detector tube, which suppresses either the
flow in a steady stream to the plate and positive or negative half of the oscillation (dethrough the plate circuit. This flow is con- pending on which way it is connected), the
stant as long as the filament temperature and two sets of impulses alternating so rapidly
plate voltage are constant, or rather the flow would just about neutralize each other and
would be constant were it not for the grid no sound would be heard in the phones.
Owing to the tendency of the electrons to
or third element. The latter is no more than a
sort of net work or helix of fine wire wound collect on the grid it will become more and
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more negative as long as impulses are applied
to it, finally stopping the flow to the plate entirely, unless some means be provided for getting rid of this charge. This is accomplished
by the grid leak (G. L-), a very high resistance shunted around the condenser. " (The
condenser is necessary to the easy passage of
the high frequency currents which actuate the
grid). The tube owes its rectifying properties largely to this grid leak. A complete explanation of how it does this is both long and
complicated and will not be attempted here.
For a general statement it is sufficient to say
that the main function of the grid leak is
to allow the excess negative charge, which collects on it during each wave train, to leak off
before the next one comes along.
Now referring again to the figure it will
be noticed that any current in the plate circuit must flow through the B battery, the
phones and the coil L-3. This is called the
tickler coil and is placed near the secondary
coil L-2, so that some of the energy in it is
transferred to L-2 and fed back into the grid
circuit. This action tends to further boost
up the variation in the plate circuit, resulting in louder signals. This fed back action
is known as regeneration. The amount of regeneration is controlled by the closeness of
the tickler coil to L-2. In building or assembling a receiver it is possible that the tickler
may be wrongly connected, in which case the
signal strength is weakened instead of being
built up. If so, a reversal of the connection
to the tickler coil should remedy the trouble.
The tickler must not be moved in too close
to the coil L-2 (coupled too tightly, as it is
called) or the tube will oscillate, giving the
signals a mushy sound and making voice and
music unintelligible. The form of the current wave in the plate circuit is shown in 1* igure 4, or like Figure 3 with half of the wave
reduced or cut off. It will be seen that the
little radio-frequency ripples are still present,
but since they now act mainly in one direction, the telephone diaphragm will respond to
each group of these as though it were a single
wave with the form of Figure 2.
The foregoing description is of the Standard Three Circuit Regenerative Tuner. This
was chosen because it is a good reliable type
of tuner and the basis of most of the new and
trick-circuit tuners. It is not too complicated
for the novice to build and operate and at the
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same time presents all the principles used in
any receiving set except that of the audiofrequency amplification, (the regenerative
principle really being a type of radio-frequency amplication). If it is desired to amplify
the rectified impulse, i. e., the currents in the
plate circuit of the detector tube, we must use
a second tube and an audio-transformer. The
primary of this is connected where the phones
are in Figure 6. The other connections are
shown in Figure 6-A. P and S are the primary and secondary coils of a transformer.
This is made with an iron core, the coils P
and S both being wound on it and both consisting of many turns of fine wire, though the
secondary usually has several times as many
turns as the primary7. Since a transformer
of this type steps up the voltage, the impulses
applied to the grid of the next tube are considerably greater than those in the plate circuit of the first tube. They therefore cause
correspondingly greater changes in the plate
current of the second, or amplifying tube.
For convenience this tube has been shown
with a separate A battery as well as a separate B or plate battery, but it is more usual to
use the same A battery for both tubes and control the currents through the filaments of
each by separate rheostats (adjustable resistances shown at R and R-i). If a loud speaker is to be used, it will generally be necessary to add another tube and transformer, they
being connected to the first amplifier in the
same way that the first is connected to the detector. Attention is called to the fact that no
grid condensers or grid leaks are used with
the amplifying tubes, for the reason that no
rectification is needed( or desired) but simply
amplification of the previous impulses as
received from the detector tube.
From the last amplifier tube the current
goes through the telephones or loud speaker
and is converted into sound. This is accomplished in the same manner as in any telephone receiver, the principle being that a
varying current through a coil produces a
magnetic field of varying strength, which
field may be made to actuate a diaphragm
and hence give off sound waves in synchronism
with the waves of a current passing through
a coil. In a majority of telephones the coils
are wound on poles of a horse shoe magnet
and the diaphragm (made of thin sheet iron)
held very close to the pole tips. Any varia-
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tion of the field strength will then cause a
movement of the diaphragm, which movement will cause a sound w'ave in the air.
In the foregoing it has been assumed
the reader is at least slightly acquainted with
the most elementary principles of electricity
and science in general. No attempt has been
made to give exact values for the various
parts nor directions for making any particular sets, as that is not the purpose of this article. Likewise the detailed application of the
principles discussed will vary somewhat with
the type of set in question. Should there be
sufficient demand for it, the authors will be
glad to give specific instructions for the making of a few of the best sets that can be
constructed at the various price ranges.
William Byrd Harrison and
George Warren Chappelear, Jr.

THE ETHICS OF BIOGRAPHY
WRITING
NOTHING but a love of gossip satisfactorily accounts for the genuine
satisfaction a reasonably indiscrete biography gives us.
The keen delight that
stirs within us at the suggestion of "secret
memoirs" or at the less than subtle insinuation in the word "real," as is frequently the
fashion nowadays in revised biographies, is
as full of revelation as many an autobiography that purports to bare the recesses of
some richly experienced soul. Even the most
austere among us are inclined to find some
apology for mental dishabile.
We are told in that schoolboys' bete noire,
Caesar's Commentaries, how the newsmongering Nervii were wont to lay hands on all
strangers passing their way and demand, under the threat of punishment, that the newcomers tell them stories of people and places
in other parts of the world. Nice perception
did not seem to be a prominent characteristic
of this Gallic tribe; all that they insisted upon
was that they be told something they had not
heard before. Even in this far-away day
we are no less curious for something new;
the aliquid novi is still one of the highest
goods; and it plays nowhere a more important
part than in things biographical. Unlike the
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Nervii, however, we prefer stories that are real
and true; but our words "real1' and "true,"
when applied to biography, seem to carry
with them the paradoxical but usual meanings
of "objectionable and "immoral.'' The announcement of a forthcoming publication, offering a feast of inner-circle news of some
prominent figure in public life, any sort of
revelation of state or stage secrets of a picturesque character, never fails to bring its
thrill even to the blase fictionist. Hence,
The Mirrors of Washington or The Mirrors of Downing Street, no less than a Jefferon's The Real Lord Byron or the French
memoirs of the Napoleonic era, reflect as perfectly the character of their readers as of those
whom they image more or less successfully.
With the sweet morsels of gossip under our
tongues, we amusedly murmur humanum est
—narrare.
Carlyle's Reminiscences were received
with rapture by his generation, because his
contemporaries were glad to find that, despite
the eminence he had obtained, he had quite a
liberal allotment of faults and was in so many
respects not greatly different from themselves.
When, however, as literary executor, Froude
presented a more extensive picture in his
Thomas Carlyle, his efforts were met with a
storm of abuse; for Carlyle's friends felt that
even if Froude had painted Carlyle as his
friends believed him to be, yet there were
many things that should not have been said
by one so close as Froude had been to Carlyle.
Looking at the office which Froude performed from the standpoint of biographic art,
however, and in a later generation, we feel
that the literary executor was justified in accepting Dr. Johnson's view that men should
be judged by the mass of their characters;
and surely Carlyle could stand the whole
truth, if any one could. The question of
propriety, it seems, might be applicable to the
admission of certain letters of an intimate
nature, but of no special biographical bearing; otherwise, the consensus of opinion is
that Froude achieved one of the great triumphs of biographical literature.
Unpardonably grievous, however, are the
literary sins committed in the name of candor.
The ultra-candid advocate, with examples
in mind drawn largely from the literature of
the confessionalist, mistakes the desire to pro-

